INTRODUCTION
The development of rabbit embryo culture has progressed from media containing plasma or serum to semi-defined media containing bovine serum albumin (BSA) and finally to defined media containing no macromolecules (reviewed by Kane, 1987; Carney and Foote, 1991) . Although the majority of rabbit embryos cultured in these defined media will develop into blastocysts, the number of cells is reduced compared to embryos developing g in vivo Foote, 1990, 1991; Collas et al, 1991 ; Giles and Foote, 1995) , indi- cating that the culture systems are suboptimal.
Improvements in total cell numbers have been accomplished by decreasing the oxygen concentration and/or increasing the carbon dioxide concentration of the gas atmosphere under which rabbit embryos are cultured (Hallden et al, 1992; Li and Foote, 1993; Farrell and Foote, 1995) . Further improvements in in vitro development may be dependent on the identification and addition of biological factors produced in the oviducts during embryo development. In fact, the expression of ligand and receptor genes for many growth factors in preimplantation stage embryos or in the oviduct supports the claim for their involvement during early embryonic development (Rappolee et al, 1988; Watson et al, 1992; Schulz and Heyner, 1993) . Two such factors are platelet-derived growth factor (PDGF) and leukemia inhibitory factor (LIF).
The addition of PDGF to the culture medium has been reported to enhance development of bovine embryos past the eight-to-16-cell stage (Larson et al, 1992; Thibodeaux et al, 1993) or to increase the proportion of embryos developing into blastocysts (Yang et al, 1993) . Other investigators, however, have not observed a beneficial effect of PDGF on development of mouse embryos (Colver et al, 1991 ) or cow embryos (Flood et al, 1993) . The LIF, a glycoprotein expressed on cultured mouse blastocysts (Murray et al, 1990) and in the uterine endometrial glands of mice by the fourth day of pregnancy, is maternally controlled and is essential for implantation (reviewed by Stewart, 1994 ). The addition of human LIF (hLIF) to the culture medium increased the number of eight-cell stage mouse embryos which hatched and increased the size of blastocyst outgrowths in vitro (Robertson et al, 1991; Lavranos et al, 1995) . Similarly, the culture of embryos in the presence of hLIF resulted in fewer degenerate embryos and a greater proportion of hatched blastocysts in the sheep (Fry et al, 1992) and cow (Fukui and Matsuyama, 1994; Han et al, 1995) . Furthermore (Li and Foote, 1993) . The twocell with a few four-cell embryos were cultured for 3 days (d4 of development) with the exception of those in experiment 3, which were cultured for 5 days (d6 of development). Sixteencell (Fukui and Matsuyama, 1994; Han et al, 1995; Lavranos et al, 1995) . Furthermore, the culture interval was increased such that all embryos were cultured until d6 of development, in an effort to discern any effects of hLIP on blastocyst hatching, as had been reported for embryos of the mouse (Robertson et al, 1991; Lavranos et at, 1995) , sheep (Fry et al, 1992) and cow (Han et al, 1995) . However, the embryos were also examined earlier (d4 of development). The gas atmosphere was 10% C0 2 :5% 0 2 : 85% N 2 -Experiment 4 was a 2 x 2 factorial study where embryos were cultured in medium containing 0 or 5 ng/mL of PDGF and 0 or 1 000 U/mL recombinant hUF. Again figure 3 with FBS. In the absence of FBS (fig 2) , the number of total cells in the blastocysts developing under 10% C0 2 : 5% 0 2 : 85% N 2 was greater than for blastocysts under 5% C0 2 : 95% air (206 vs 155; P < 0.05). In the presence of FBS (fig 3) , there was no effect of gas atmosphere on the number of cells. Figures 2 and 3 Development of 16-cell embryos exposed to hLIF was reduced (P < 0.05) at d4 compared to controls (75 vs 98% blastocysts). Two-cell embryos cultured with hLIF resulted in 100% blastocysts by d4 and were greater (P < 0.05) than 88% for controls. Although embryos were cultured to d6 and then stained and examined for numbers of ICM and TE cells, these counts are not reported because the blastocysts were observed to be undergoing degeneration.
Experiment 4
In experiment 4, 170 two-to four-cell embryos recovered from eight donors and cultured in defined medium supplemented with 0 or 5 ng/mL PDGF and 0 or 1 000 U/mL hLIF, resulted in 98% blastocysts. The addition of either PDGF or hLIF or both to the culture medium had no beneficial effect on cell numbers (fig 4) . In addition, the percentages of hatching blastocysts on d4 listed in the same order of treatments shown in fig 4 were 26 (Fischer, 1987; Fischer et al, 1990; Foote, 1991 ). Carney and Foote (1990) observed embryos to have a mean of 242 cells at 3.5 days; at d4, Collas et al (1991) found 310 cells and Giles and Foote found 414 cells. In the present study, the number of ICM and TE cells comprising blastocysts developing in RD medium supplemented with growth factors and/or FBS under two gas atmospheres was determined.
In agreement with other studies (Hallden et al, 1992; Li and Foote, 1993; Lindenau and Fischer, 1994; Farrell and Foote, 1995) (Li and Foote, 1993; Lindenau and Fischer, 1994; Farrell and Foote, 1995) , or to the increase in carbon dioxide (Hallden et al, 1992) . In fact, with rabbit embryos, the improved development is probably the effect of both gases.
In the present study, differences in blastocyst cell numbers due to gas atmosphere were affected by the presence of 10% FBS. The effect seen in figure 2 without FBS was eliminated when FBS was included (fig 3) . One explanation may be that more free radicals are formed in the 5% C0 2 : 95% air atmosphere (approximately 20% 0 2 ) than when 10% C0 2 : 5% 0!: 85% N 2 is used and these radicals may be toxic to the embryo in a protein-free medium (Li and Foote, 1993 (fig 3) . In this experiment, the addition of 10% FBS improved the number of total cells and ICM cells for embryos cultured under 5% CO 2 : 95% air, but not the ratio between the two. These results are consistent with other reports in which the addition of biological fluids improved embryo cell numbers (Collas et al, 1991 ) .
In the present study, culture medium supplemented with PDGF and/or LIF had no effect on the proportion of embryos developing to the blastocyst stage or on cell numbers (figs 1!1). The differences in response reported here and in the literature could be due to several factors. Species differences and differences in culture conditions, including medium, protein source, gas atmosphere and embryo density, may affect embryo response to PDGF and/or LIF supplementation.
In addition, the growth factors utilized were not proteins isolated from rabbits since these were not available. However, we used recombinant human PDGF-BB which has been shown to have biological activity in cultured rabbit gastric epithelial cells (Watanabe et al, 1996) and smooth muscle cells (Fabunmi et al, 1996) . Similarly, LIF was detected in the luminal epithelium of the rabbit uterus on d5 of pregnancy using an antibody to recombinant hLIF (Yang et al, 1994 ).
In conclusion, these studies indicate that the protein-free medium provides a nutrient environment suitable for two-cell embryos to be cultured into a high proportion of blastocysts. The gas atmosphere of 10% C0 2 : 5% 0 2 : 85% N 2 enhanced blastocyst development in both total cell numbers and ICM cells, compared with 5% C0 2 : 95% air. However, development was less than optimal compared to media containing 10% FBS. Under these conditions, the inclusion of PDGF or LIF did not improve culture conditions of rabbit embryos.
